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7.1 Introduction 
 
WMA is produced at a temperature range of 120°C to 140°C compared 
to HMA that is produced at temperature between 140°C to 180°C and 
compacted at temperature to 120°C to 160°C [1]. Warm Mix Asphalt 
(WMA) technology allows the producers of hot-mix asphalt pavement 
material to lower the temperatures at which the materials are mixed and 
placed on the road. WMA promises several benefits compared to 
conventional HMA such as reducing energy consumption, lowering the 
greenhouse gas emissions, reducing of asphalt fumes during paving 
construction and creating a healthier work environment [1].  
 
WMA additives come in four general categories namely organic additive 
products such as Sasobit® and Asphaltan B, water-bearing Zeolite 
products such as aspha-Min and Advera WMA, water-based foaming 
process products such as WAM Foam and emulsion-based processed 
product such as Evotherm [2]. Sasobit® is an organic or wax additive 
which is completely soluble in asphalt binder at temperatures higher than 
120°C [3]. The additive tends to reduce the viscosity of asphalt binders. 
By forming a crystalline network structure that can stabilize the binder at 
temperature below its melting point [3]. WMA technology is able to 
reduce HMA production temperatures as low as 115°C [4].  
 
However, the temperature of the asphalt mix has a direct effect on the 
viscosity of the asphalt binder and thus compaction. As the temperature 
of HMA decreases, the binder of asphalt mixture become viscous and 
make it difficult to compact [1]. Lower compaction temperature of WMA 
contributes to an increase of air void level, hence reducing the aggregate-
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bitumen bonding which may lead to moisture damage of asphalt mixture 
[5].  As reported by D’Angelo et al. [6], the trapped water in bitumen-
aggregate interface causes adhesion failure that affects pavement strength 
and shorten its design life. Moreover, the lower mixing and compaction 
temperatures for WMA reduces the binder stiffness resulting to rutting 
after paving [7]. Therefore, in order to overcome this problem, anti-
stripping agents are commonly added into the mixes to allow greater 
adhesion between bitumen and aggregates.  
 
Hao and Hachiya [8] conducted a study on advantages of anti-stripping 
agents used in asphalt mixtures namely hydrated lime slurry and ordinary 
portland cement tested with wheel-tracking test. They found that the 
hydrated lime slurry is more effective to improve the physical-chemical 
interaction to increase stiffening of the asphalt binder and increasing the 
aggregate-bitumen bonding to improve the mixes durability. Ozen [9] 
revealed that hydrated lime containing calcium carbonate improved the 
aggregate-bitumen bonding and reduced long-term oxidative aging to 
potential moisture damage. Moreover, hydrated lime can reduce asphalt 
cracking to some extent despite its stiffening effects because initial micro 
cracks can be intercepted and deflected by tiny active lime particles, 
resulting in improved fatigue cracking resistance and rutting.  
 
Aman et al., [10] conducted a study on rutting evaluation of warm mix 
asphalt incorporating anti stripping agent. The result shows that, 
specimens incorporating chemical warm mix additive namely Cecabase® 
compacted at low temperature reduced rut depth of asphalt mix. They 
revealed that, chemical compounds in pavement modifier reacted with the 
mixes to increase the aggregate-bitumen bonding which help to improve 
resistance to rutting of asphalt mixes compared to ordinary Portland 
cement and quarry dust regardless of compaction temperature. 
 
Hurley and Prowell [11] evaluated the effects of Sasobit® on pavement 
performance. Two types of aggregate (granite and limestone) and two 
types of binder (PG 64-22 and PG 58-28) have been used. The study 
concluded that the addition of Sasobit® indicates the reduced aging of the 
binder. Decreasing mixing and compaction temperature tends to decrease 
aging of the binder however it may lead to increases the rutting potential. 
However, in terms of rutting, the mixes containing Sasobit® were less 
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sensitive to the decreased the production temperatures in comparison to 
control mixes. Therefore, the main purpose of this study was to evaluate 
the effects of filler namely Quarry Dust (QD) and Pavement Modifier 
(PMD) at different compaction temperature containing Sasobit® on 
rutting performance of asphalt mix by conducting Hamburg Wheel 
Tracking test. 
 
 
7.2 Materials and methods 
 
7.2.1 Mixing and compaction temperatures 
 
The mixing and compaction temperatures used were depended on 
bitumen viscosity as determined from a Brookfield Viscometer test result. 
According to Asphalt Institute (2007), the ideal mixing and compaction 
temperatures correspond to conventional bitumen viscosity are 0.17± 
0.02 and 0.28± 0.03 Pa.s respectively. This test was conducted according 
ASTM D4402 procedures. The mixing and compaction temperature 
adopted for binder with 0% and 1.5% of Sasobit® for determining the 
effects of anti-stripping agent on rutting of warm mix asphalt, the mixing 
and compaction temperatures were tabulated in Table 1. 
 
Table 1 Mixing and compaction temperature 
 
Temperature (°C) 
Mixing Compaction 
160 150 
135 125 
105 95 
 
 
7.2.2 Determination of optimum binder content 
 
The optimum binder content (OBC) was designed based on Malaysia 
Public Works Department (JKR, 2008) standard specification for ACW10. 
The Marshall method was conducted to determine the optimum bitumen 
content that achieved minimum stability and within allowed range of flow. 
The test was conducted in accordance to ASTM D6927 procedures. Table 
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2 shows the summary of desired binder content for asphalt mixes 
prepared with Sasobit® and base binder. The results tabulated in Table 2 
indicates that the specimens prepared with Sasobit® modified binder and 
control binder satisfied the Malaysia Public Works Department 
specifications for ACW10. 
 
Table 2 Optimum binder content determination 
 
Binder 
(%) 
Sasobit 
(%) 
VFB (%) VTM Stability 
(kg) 
Flow 
(mm) 
Stiffness 
(kg/mm) 
5.7 0 77.21 4.1 1698.2 2.4 403.4 
5.5 1.5 74.92 5.0 1806.4 2.6 692.6 
 
 
7.2.3 Specimen Preparation 
 
The conventional 80/100 penetration grade bitumen was heated and 
poured into small containers and left to cool at ambient temperature 
before storing for further laboratory testing. This step was adopted to 
prevent wastage and overheating the bitumen. The aggregates were 
batched at approximately 2400 grams inclusive anti-stripping agents and 
were pre-heated in an oven for 4 hours at the desired mixing temperature. 
The asphalt mixes were prepared at different binder content and were 
blended at their corresponding mixing temperatures. The loose mixes 
were conditioned in an oven for 2 hours at the compaction temperature 
to simulate short-term aging. The cylindrical specimen dimension of 
150mm in diameter and 65mm height compacted to 4% air voids by using 
Superpave Gyratory Compactor.  
 
7.2.4 Wheel Tracking Test 
 
A wheel tracking test was conducted in the laboratory using a wheel 
tracker machine. The test was conducted according to the British 
Standard BS 598 Part 110 (1989) procedures. The testing consists of 
repeated application 42 passes/min on specimens with a standard load of 
700N. The test was concluded after 45 min or when the rut depth 
exceeded 15 mm. 
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7.4 Results and discussions 
 
7.4.1 Effect of anti-stripping additive on resistance to rutting  
 
Figure 1 shows the rut depth of specimens compacted at 95°C, 125°C and 
150°C decreased by 12.7%, 28.7% and 21.6% respectively. PMD which 
contains chemical compounds that increases the interaction between the 
aggregate surface and the bitumen binder, improving the bitumen-
aggregate bond [5]. Specimens incorporating PMD exhibit lower rut depth 
and higher the resistance to deformation compared to the specimen 
without anti stripping agent. This is due to carbonaceous compounds 
reacting with high polar molecules in asphalt to form insoluble salts thus 
increasing the bond between aggregate and asphalt. 
 
 
 
Fig. 1 Effects of Anti Stripping Additive 
 
The effects of anti-stripping additive on rutting potential was supported 
using Two-way ANOVA univariate statistical analysis at 95% confidence 
level (α = 0.05). Table 3 presents the results of the analysis showing the 
effects of anti-stripping on rutting potential. The results indicate that the 
anti-stripping agent and compaction temperature has a significant influence 
on rut depth since the p-value less than 0.05. 
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Table 3 Two-way ANOVA on the effects of compaction temperature 
and anti-stripping agent on rutting 
 
Source SS DF MS F P-value 
Corrected 
Model 
9.528 5 1.906 3.982 < 0.013 
Intercept 160.891 1 160.891 336.197 < 0.001 
Temperature 7.660 2 3.830 8.004 < 0.003 
ASA 0.228 1 0.228 0.477 < 0.499 
Temperature * 
ASA 
1.640 2 0.820 1.713 < 0.038 
Error 8.614 18 0.479   
Total 179.033 24  
 
 
7.4.2 Effect of Sasobit® on Resistance to Rutting  
 
Figure 2 shows the relationship between Sasobit® content and rut depth 
at different percentages of Sasobit® contents. The rut depth was observed 
in 45°C test temperature at different compaction temperature. As 
Sasobit® content increases, rut depth decreases by 44.37%, 42.02% and 
32.65% at 95°C, 125°C and 150°C respectively compared to control 
sample. Meanwhile, the specimen containing PMD decrease by 24.73%, 
36.57% and 13.02% at 95°C, 125°C and 150°C, respectively. It can be seen 
that by increasing the Sasobit® content by 1.5%, it significantly decreases 
the rut depth. Sasobit® reduced mixing and compaction temperatures, 
improved workability and rutting resistance [12]. On the other hand, 
specimens mixing at lower temperature show higher rut depth than 
others. This is due to compaction at low temperature, which causes high 
binder viscosity has compromised effective binder coating and results, 
inadequate compaction, hence produced low strength mixes. 
 
The data obtained was further analyzed using Two-way ANOVA analysis 
to determine the effect of compaction temperature and Sasobit® on rut 
depth. Table 4 presents the results of the statistical analysis at 95% 
confidence level (α = 0.05). It shows that the p-values of the analysis 
indicated that the effects of compaction temperature and Sasobit® on rut 
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depth is less than 0.05. Therefore, compaction temperature and Sasobit® 
have significant effect on rut depth. 
 
 
Fig. 2 Effects of Sasobit® on Rut Depth 
 
 
Table 4 Two-way ANOVA effects of compaction temperature and 
Sasobit® on rutting 
 
Source SS DF MS F p-value 
Corrected Model 17.681 11 1.607 41.767 0.001 
Intercept 160.891 1 160.891 4.1813 0.001 
Sasobit 7.020 1 7.020 182.417 0.001 
Temperature 7.660 2 3.830 99.528 0.001 
ASA 0.228 1 0.228 5.929 0.031 
Sasobit * 
Temperature 
0.833 2 0.417 10.827 0.002 
Sasobit * ASA 0.157 1 0.157 4.075 0.066 
Temperature * ASA 1.640 2 0.820 21.308 0.001 
Sasobit * 
Temperature * ASA 
0.142 2 0.071 1.847 0.200 
Error 0.462 12 0.038   
Total 179.033 24  
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7.4.3 Effect of Different Compaction Temperature on Rutting 
Potential  
 
Figure 3 shows the results of rut depth for specimens compacted at 
different temperatures. The findings indicate that as compaction 
temperature increases, rut depth decreases. Reducing compaction 
temperature adversely affects the rutting damage due to incomplete drying 
of aggregates during heating and mixing at low temperature. The low 
compaction temperature also induces high binder viscosity and binder 
coating. The rut depth decreases 24.73% for specimens incorporating 
PMD filler and Sasobit® compacted at 95°C. This shows that PMD filler 
can improve the resistance to stripping of asphalt mixes. 
 
 
 
Fig. 3 Effect of compaction temperature, Sasobit® and Pavement 
Modifier on rut depth 
 
The data obtained was statically interpreted using GLM univariate for both 
quarry dust and PMD with various Sasobit® contents at 95% confidence 
level (α = 0.05). Table 5 shows the results which the Sasobit®, anti-
stripping agent and compaction temperature have a significant effect on 
rutting potential with p-value of less than 0.05. However, the interaction 
between Sasobit® contents and anti-stripping agents show no significant 
effects. 
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Table 5: GLM analysis on Rutting Potential 
 
Source SS DF MS F P-value. 
Corrected 
Model 
15.514 5 3.103 21.244 0.001 
Intercept 160.891 1 160.891 1.1023 0.001 
Temperature 7.660 2 3.830 26.225 0.001 
Sasobit 7.020 1 7.020 48.066 0.001 
Temperature * 
Sasobit 
0.833 2 0.417 2.853 0.044 
Error 2.629 18 0.146   
Total 179.033 24  
 
 
7.5 Conclusions 
 
The asphalt industry has been exploring ways to minimize energy use and 
reduce emissions by lowering production temperature, made possible by 
incorporating warm asphalt additives named Sasobit®. Nevertheless, low 
mixing temperatures may prevent moisture from being completely 
removed from the aggregate and this may adversely affect the bitumen 
bonding and may reduce the asphalt performance.  PMD indicates lower 
rut depth compared to the specimens incorporating quarry dust. This is 
due to carbonaceous compounds reacting with high polar molecules in 
asphalt to form insoluble salts thus increasing the bond between the 
aggregate and asphalt. This also supported by the statistical analysis which 
the anti-stripping additive and compaction temperature has significant 
influence on the rut depth of the specimen. 
 
The evaluation of rutting potential of asphalt mixtures incorporating 
Sasobit®, show that the increasing of Sasobit® in the specimens 
contributes to significant effects on the resistance to rut depth. The Two-
way ANOVA analysis show that the compaction temperature and 
Sasobit® have significant effect on rut depth. Specimens compacted at 
95°C show substantially higher rut depth compared to specimens 
compacted at 150°C. The General Linear Method analysis indicated that 
Sasobit®, anti-stripping agent and compaction temperature have a 
significant effect on rutting potential. However, the interaction between 
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Sasobit® contents and anti-stripping agents have shown no significant 
effects. 
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